. We used a membrane marker, specifically accumulates at the furrow. Interference EGFP fused to the c-Ha-Ras farnesylation signal with PtdIns(4,5)P2 interferes with adhesion of the (EGFP-F), and compared its localization to that of plasma membrane to the contractile ring at the fur-PLCδ-PH-EGFP and GFP-TubbyC, or directly comrow. Finally, four distinct interventions to specifically pared it to that of PLCδ-PH-TDRFP in the same cell. All interfere with PtdIns(4,5)P2 each impair cytokinesis. assessments yielded similar results, showing a 2-fold We conclude that PtdIns(4,5)P2 is present at the (2.2 ± 0.1, n = 8) increase in total membrane and a cleavage furrow and is required for normal cytokine-9-fold (8.9 ± 2.2, n = 8) increase in PtdIns(4,5)P2; this sis at least in part because of a role in adhesion berepresents a net 4.5-fold increase in PtdIns(4,5)P2 contween the contractile ring and the plasma membrane.
do not interfere with the expected colocalization of F-actin and the plasma membrane (165 out of 165 cells scored, Figure 2 ). With 10-fold-higher expression (determined by relative fluorescence intensity), levels that do interfere with cytokinesis (see below), 7.2% of cells (11 of 152) develop separation of F-actin from the plasma membrane during cytokinesis. We also used the PtdIns(4,5)P2-phosphatase synaptojanin. In control experiments, synaptojanin reduced PtdIns(4,5)P2 levels by 45% (data not shown). When synaptojanin was coexpressed with low levels of EGFP-F, we again observed detachment of F-actin from the plasma membrane at the furrow (11.5%, 3 of 26 cells).
This suggested that PtdIns(4,5)P2 functions to mediate the interaction between the contractile ring and the plasma membrane. Presumably there exist one or more mechanisms of adhesion to ensure that, when the ring contracts, the membrane comes along. Although prior studies have not identified plasma-membrane components that mediate this adhesion, our data suggested that PtdIns(4,5)P2 might. We wondered whether we could detect evidence of decreased adhesion upon blockade of PtdIns(4,5)P2. Raucher et al. used optical tweezers to measure the force required to tug on the plasma membrane in interphase cells [10] and found a precipitous drop upon blockade of PtdIns(4,5)P2 by the PLCδ-PH domain. However, these measurements are not feasible at the furrow because of spatial and temporal constraints. Instead, we reasoned that movement of the plasma membrane at the furrow will largely reflect the balance between outward osmotic pressure and inward tension from adhesion to the cytoskeleton [10]. Therefore, switching from isotonic to hypotonic conditions should cause expansion of the plasma membrane at a rate reflecting the strength of adhesion to the cytoskeleton.
We synchronized cells by washout from monastrol arrest. During cytokinesis, the media were switched, We do not have good evidence either for or against serve an additional role as a substrate for phospholipase C. a role for phospholipase C. We note that if phospholipase C were to function efficiently at the furrow we would
The mechanism of linkage between the plasma membrane and the contractile ring has remained an imporexpect depletion of PtdIns(4,5)P2, not the observed en- will be required to test this hypothesis.
